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Abstract
Objective:  This  study  aimed  to  evaluate  if  hearing  performance  is  a  predictor  of  postural  control
in cochlear  implant  (CI)  users  at  least  six  months  after  surgery.
Methods:  Cross-sectional  study  including  (CI)  recipients  with  post-lingual  deafness  and  controls
who were  divided  into  the  following  groups:  nine  CI  users  with  good  hearing  performance  (G+),
ﬁve CI  users  with  poor  hearing  performance  (G−),  and  seven  controls  (CG).  For  each  patient,
computerized  dynamic  posturography  (CDP)  tests,  a  sensory  organization  test  (SOT),  and  an
adaptation  test  (ADT)  were  applied  as  dual  task  performance,  with  ﬁrst  test  (FT)  and  re-test
(RT) on  the  same  day,  including  a  40--60  min  interval  between  them  to  evaluate  the  short-term
learning ability  on  postural  recovery  strategies.  The  results  of  the  groups  were  compared.
Results: Comparing  the  dual  task  performance  on  CDP  and  the  weighted  average  between  all
test conditions,  the  G+  group  showed  better  performance  on  RT  in  SOT4,  SOT5,  SOT6,  and  CS,
which was  not  observed  for  G−  and  CG.  The  G−  group  had  signiﬁcantly  lower  levels  of  short-
term learning  ability  than  the  other  two  groups  in  SOT5  (p  =  0.021),  SOT6  (p  =  0.025),  and  CS
(p =  0.031).
Conclusion:  The  CI  users  with  good  hearing  performance  had  a  higher  index  of  postural  recovery
when compared  to  CI  users  with  poor  hearing  performance.
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Desempenho  auditivo  como  preditor  de  recuperac¸ão  postural  em  usuários  de
implante  coclear
Resumo
Objetivo:  O  presente  estudo  teve  por  objetivo  avaliar  se  o  desempenho  auditivo  é  preditor  de
controle postural  em  usuários  de  IC  pelo  menos  6  meses  após  a  cirurgia.
Método:  Estudo  transversal  consistindo  em  recipientes  de  implante  coclear  (IC)  com  surdez
pós-lingual  e  controles,  que  foram  divididos  nos  seguintes  grupos:  nove  usuários  de  IC  com  bom
desempenho  auditivo  (G+),  cinco  usuários  de  usuários  de  IC  com  desempenho  auditivo  insatis-
fatório (G-)  e  sete  controles  (GC).  Aplicamos  o  teste  de  posturograﬁa  dinâmica  computadorizada
(PDC),  teste  de  organizac¸ão  sensitiva  (TOS)  e  teste  de  adaptac¸ão  (TAd)  como  desempenho  de
dupla tarefa,  primeiro  teste  (PT)  e  reteste  (RT)  no  mesmo  dia,  com  intervalo  de  40-60  minu-
tos entre  testes,  com  o  objetivo  de  avaliar  a  capacidade  de  aprendizado  em  curto  prazo  nas
estratégias  de  recuperac¸ão  postural.  Comparamos  os  resultados  dos  testes.
Resultados:  Comparando  o  desempenho  de  dupla  tarefa  no  teste  PDC  e  a  média  ponderal  entre
todas as  condic¸ões  de  teste,  o  grupo  G+  demonstrou  melhor  desempenho  no  RT  nos  TOS4,
TOS5, TOS6  e  EC,  o  que  não  foi  observado  para  os  grupos  G-  e  GC.  O  grupo  G-  obteve  níveis
signiﬁcantemente  mais  baixos  de  capacidade  de  aprendizado  em  curto  prazo  vs.  outros  dois
grupos no  TOS5  (p  =  0,021),  TOS6  (p  =  0,025)  e  EC  (p  =  0,031).
Conclusão:  :  Usuários  de  IC  com  bom  desempenho  auditivo  tiveram  índice  melhor  de
recuperac¸ão postural,  quando  comparados  a  usuários  de  IC  com  desempenho  auditivo  insat-
isfatório.
© 2016  Publicado  por  Elsevier  Editora  Ltda.  em  nome  de  Associac¸a˜o  Brasileira  de  Otorrino-
laringologia  e  Cirurgia  Ce´rvico-Facial.  Este e´  um  artigo  Open  Access  sob  uma  licenc¸a  CC  BY
(http://creativecommons.org/licenses/by/4.0/).
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ognitive  resources  from  the  right  cerebral  hemisphere  sig-
iﬁcantly  contribute  to  postural  control.  The  assessment  of
dults  with  vestibular  disorders  showed  that  implementation
f  mental  tasks  during  the  performance  of  the  platform  test
an  both  increase  or  reduce  subject  oscillations  and  body
alance  control.1 Working  memory,  short-term  memory,  and
xecutive  function  are  frequently  and  more  highly  disturbed
n  those  stricken  by  bacterial  meningitis.2 In  a  previous  study
erformed  at  the  present  clinic  with  cochlear  implant  (CI)
sers  (study  submitted),  a  signiﬁcant  increase  was  found
n  P3  latency  in  patients  with  post-lingual  deafness  due  to
eningitis,  suggesting  an  impairment  of  cognitive  function.
Sensory  input  coming  from  hearing,  vision,  vestibular,  and
roprioceptive  systems  is  processed  in  the  central  nervous
ystem  (CNS),  resulting  in  spatial  orientation,  image  ﬁxation
n  the  retina,  and  balance  control.3 Postural  adjustments
ecessary  for  balance  stability  result  from  complex  motor
esponses,  learned  motor  tasks,  and  proactive  and  feedfor-
ard  postural  strategies.4
Balance  control  is  the  ability  to  maintain  body  movement
ithin  the  base  of  support  without  falling.  It  is  a  com-
lex  control  process  that  depends  on  mainly  two  distinct
nd  interdependent  systems:  (1)  the  gaze  stabilization  sys-
em,  which  maintains  gaze  direction  of  the  eyes  and  visual
cuity  during  head  and  body  movements,  and  (2)  the  pos-
ural  stabilization  system,  which  keeps  the  body  in  balance
hile  standing  and  moving  in  daily  life.  They  are  distinct
ecause  they  rely  on  inputs  from  different  senses,  motor
eactions  from  different  parts  of  the  body,  and  are  mediated
y  different  brain  pathways.  They  are  also  interdependent
c
a
pecause  gaze  stability  is  not  possible  unless  the  body  is
lso  stable,  and  because  accurate  vision  is  a critical  sen-
ory  input  for  postural  control.  Therefore,  balance  depends
n  various  sensory  inputs  which  inform  the  brain  about  body
osition  related  to  the  environment.  It  is  a  highly  complex
etwork  that  includes  numerous  synaptic  pathways,  non-
ynaptic  pathways,  and  their  intersections.  The  brain  must
nalyze  and  plan  the  motor  responses  and  movements  nec-
ssary  for  postural  stabilization.5
At  this  moment  cognitive  function  is  required  for  the
ccurate  sensory  integration  to  achieve  a  suitable  body  bal-
nce  control.  The  following  are  part  of  cognition:  (1)  the
ensory  input  integration  of  the  brain  map  composed  of
ovement  strategies  learned  throughout  life,  (2)  appropri-
te  latencies  of  postural  responses,  and  (3)  the  ability  to
lan  and  execute  movement  patterns  necessary  for  control-
ing  the  center  of  the  body  mass.  The  cortex  must  process
nd  integrate  these  functions  to  be  aware  of  the  risk  and  the
ask  being  performed.  Thus,  balance  control  is  inﬂuenced  by
ognitive  factors  like  attention,  motivation,  memory,  and
ntent.  In  normal  individuals,  the  whole  system  works  in
armony  and  is  processed  automatically,  but  may  require
oluntary  control  when  there  is  imbalance  at  some  point  of
he  track.
The  acquisition  of  new  motor  skills  is  related  to  CNS
tructures  responsible  for  memory  and  learning.6 Among
tructures  required  for  that  task  are  areas  of  the  medial
emporal  lobe,  particularly  the  hippocampus,  motor  cor-
ical  regions  (striatum  sensory  motor  cortex),  cerebellar
ortex  and  nucleus,  parietal  cortex,  and  frontal  association
reas.4,7,8 Among  the  various  injuries  that  may  affect  the
ostural  reactions,  those  affecting  the  hippocampus  may
 IN+Model
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Hearing  performance  as  a  predictor  of  postural  recovery  in  
limit  vestibular  compensation.8 Likewise,  speech  under-
standing  and  interpretation  depend  on  learning  and  memory.
The  Department  of  Otolaryngology  at  Hospital  das  Clíni-
cas  University  of  São  Paulo  School  of  Medicine  (HC-FMUSP)
performs  dozens  of  CI  surgeries  on  deaf  patients  every  year;
all  of  them  have  routine  auditory  evoked  potential  tests.
Based  on  the  authors’  clinical  experience  (study  submitted),
it  was  observed  that  subjects  with  poor  word  discrimina-
tion  had  a  prolonged  P3  latency  in  the  cognitive  auditory
evoked  potential  test.  It  was  shown  that  CI  users  with  poor
hearing  performance  (≤80%  speech  recognition  in  open-
set  sentences),  particularly  those  deaf  due  to  meningitis,
show  longer  P3  latencies  as  compared  to  deaf  patients
with  good  hearing  performance  after  CI  (study  submitted).
Thus,  the  P3  test  seems  to  be  useful  to  detect  impairment
of  central  sensory  integration  after  auditory  stimulation.
The  literature  demonstrates  intersections  between  auditory,
vestibular,  learning,  and  memory  pathways.  There  is  evi-
dence  of  hearing  tests  as  predictors  of  falls6 and  evidence
that  computerized  dynamic  posturography  (CDP)  shows  sec-
ondary  changes  due  to  noise-induced  hearing  loss.9
Both  auditory  memory  and  balance  depend  on  the
integrity  of  CNS  structures.  So,  it  would  be  plausible  to
assume  that  subjects  suffering  from  central  auditory  path-
way  impairment  could  also  have  trouble  in  tasks  of  postural
recovery  involving  cognition.  In  order  to  evaluate  the  rela-
tionship  between  auditory  and  vestibular  cognitive  distress,
the  authors  developed  a  method  to  assess  postural  recov-
ery  (short-term  memory,  a  task  that  depends  directly  on
proper  functioning  of  the  hippocampus)  in  subjects  with  and
without  good  hearing  performance  after  CI  surgery.
Objectives
This  study  aimed  to  evaluate  whether  hearing  performance
is  a  predictor  of  postural  control  in  CI  users  at  least  six
months  after  surgery.
Methods
Sample
Cross-sectional  study  conducted  between  2008  and  2011,
including  111  CI  users  with  post  lingual  deafness  from  the  CI
Group  of  HC-FMUSP.  The  following  variables  were  assessed:
gender,  age,  cause  of  deafness,  and  CI  electrode  type.  The
study  was  carried  out  according  to  the  guidelines  of  the
Ethics  Committee  of  the  University  of  São  Paulo  School
of  Medicine  and  was  approved  in  2007  under  protocol  No.
1059/07.
Selection  criteria
Patients  were  considered  eligible  according  to  the  following
criteria:  (a)  CI  users  activated  for  at  least  six  months;  (b)
complete  insertion  of  the  CI  electrodes;  (c)  both  genders;
(d)  aged  18  years  or  greater;  (e)  performed  the  auditory  cog-
nitive  potential;  (f)  were  aware  of  the  research  and  signed
the  informed  consent.  Exclusion  criteria  were:  (a)  patients
with  orthopedic  or  neurological  restrictions  that  prevented
s
a
s PRESS
lear  implant  users  3
he  performance  of  the  CDP;  (b)  patients  complaining  of
izziness  or  imbalance.
asuistic
t  the  time  of  the  research  111  patients  with  post  lin-
ual  deafness  were  implanted  in  this  service;  60  were  <18
ears  old  and  were  excluded.  The  remaining  patients  were
ontacted  by  phone  and  26  gave  positive  responses.  Eigh-
een  of  them  agreed  to  participate  in  the  study.  Subjects
ho  declined  reported  the  following  reasons:  some  lived
n  states  with  sufﬁcient  support  for  CI  recipients;  others
id  not  want  to  participate  in  this  scientiﬁc  study.  Of  the
8  individuals  who  agree  to  participate,  only  14  met  the
election  criteria  and  were  divided  into  two  groups:  (a)
roup+  (G+)  composed  of  nine  CI  users  with  good  hearing
erformance;  (b)  Group− (G−)  consisted  of  ﬁve  CI  users
ith  poor  hearing  performance.  All  patients  were  ﬁtted
ith  multi-channel  cochlear  implants  (Nucleus  22,  Nucleus
4)  activated  for  at  least  six  months.  Complete  electrode
nsertion  was  controlled  by  postoperative  radiologic  stud-
es.  For  ‘‘poor’’  speech  performers,  the  internal  CI  unit  was
ested  and  retested  using  the  software  provided  by  the  man-
facturer  (Impedance  check  RA26,  Cochlear  Corporation  --
enver,  CO,  United  States).
For  each  CI  user  a  control  subject  was  selected,  matched
or  age  and  education.  The  control  group  had  26  subjects,
5  females,  with  mean  age  of  44.7  years  (range  23--68,  SD
4.75).  All  control  subjects  had  bilateral  pure-tone  audio-
etric  thresholds  of  25  dB  HL  or  better  from  500  to  8000  Hz,
o  hearing  or  tinnitus  complaints,  and  no  history  of  otologi-
al  diseases.  The  exclusion  criteria  were  the  same  as  for  the
tudy  group.
Good  hearing  performance  was  deﬁned  as  ≥80%  speech
ecognition  in  open-set  sentences.  A  third  group  of  seven
ormal-hearing  subjects,  with  normal  pure  tone  audiometry
PTA),  speech  recognition  thresholds  (SRT),  and  speech  dis-
rimination  scores  (SDS),  was  used  as  the  control  group  (CG)
f  the  study.
omputerized dynamic posturography
DP  is  an  objective  and  non-invasive  test  that  allows  the
raphic  recording  of  body  position  against  various  stimuli.
he  CDP  is  a  unique  assessment  technique  used  to  objec-
ively  quantify  interactions  among  vestibular,  visual,  and
omatosensory  inputs  necessary  for  balance  control,  coor-
ination  of  motor  responses,  and  alignment  of  the  center
f  gravity  (COG).  Therefore,  CDP  analyzes  the  ability  to
aintain  or  regain  control  of  body  posture  under  a  variety
f  sensory  conditions.  This  study  used  the  Smart  Equitest
ystem® (Neurocom  International  Inc.  --  Clackamas,  Oregon,
nited  States).  Each  of  the  selected  patients  performed  a
ual  task  test  in  order  to  assess  short-term  memory,  which
epends  directly  on  proper  functioning  of  the  hippocampus.
o  evaluate  the  short-term  learning  ability  in  the  perfor-
ance  of  postural  recovery  strategies,  two  CDP  tests  wereelected:  (1)  the  sensory  organization  test  (SOT);  and  (2)  the
daptation  test  (ADT).
The  standard  SOT  protocol  consists  of  three  20-s  trials  of
ix  different  sensory  conditions  (SOT1  to  SOT6)  and  postural
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ontrol  depends  on  the  interaction  between  vision,  vesti-
ular,  and  proprioceptive  inputs.  The  subject  was  instructed
o  stand  as  still  as  possible,  with  the  head  erect,  eyes  look-
ng  forward,  and  hands  along  the  body  during  speciﬁc  visual,
oor  surface,  and  visual  surround  manipulations.  An  equilib-
ium  score  based  on  the  magnitude  of  the  COG  movements,
xpressed  as  percentage  of  the  limits  of  stability,  was  cal-
ulated  for  each  trial.  A  score  of  100%  indicates  perfect
tability  and  0%  indicates  sway  that  exceeds  the  limits  of  sta-
ility  or  a  fall.  A  composite  score  (CS),  a  weighted  average
f  the  scores  for  the  six  sensory  conditions,  was  calculated
nd  used  in  the  statistical  analyses,  as  well  as  the  results  of
ach  individual  condition.
The  ADT  assesses  the  ability  of  the  automatic  motor
ystem  to  adapt  to  an  unexpected  external  disturbance.
daptation  is  assessed  by  determining  the  ability  to  sup-
ress  inappropriate  responses  to  the  external  disturbance.
he  test  consisted  of  ﬁve  trials  in  which  the  ﬂoor  surface
as  tilted  upward  (toes  up)  and  ﬁve  trials  in  which  the  ﬂoor
urface  was  rotated  downward  (toes  down).  Each  of  the  ﬁve
otations  lasted  400  ms  with  an  amplitude  of  8◦.  The  time
etween  the  trials  was  randomized  from  3  to  5  s.  The  ADT
core  quantiﬁes  the  magnitude  of  the  anterior-posterior  (AP)
way  and  muscle  reactions  for  body  balance  control  follow-
ng  unexpected  support  rotations  that  determine  ankle  angle
hanges.  The  mean  scores  of  toes-up  and  toes-down  sway
nergy  were  included  in  the  statistical  analyses.  Similarly
o  the  SOT,  the  program  provides  the  results  in  graphical
nd  numerical  scales.
For  each  patient,  both  CPD  tests  (SOT  and  ADT)  were
pplied  as  dual  task  performance  on  the  same  day,  with  a
0--60  min  interval  between  them.  Patients  were  asked  to
emorize  the  test  conditions  and  strategies  used  for  body
alance  control  during  the  ﬁrst  test  (FT),  in  order  to  smooth
nd  improve  the  re-test  (RT)  performance.tatistical  analyses
ata  did  not  follow  a  normal  distribution,  thus  non-
arametric  tests  were  performed.  The  Wilcoxon  test  was
m
g
u
Table  1  Clinical  and  demographic  data  of  study  group  subjects  (
Female  gender,  n  (%)  
Median age  (min--max)  
Duration of  hearing  loss  (years):  median  (min--max)  
Cochlear implant  activation  (months):  median  (min--max)  
Nucleus 22  processing  strategy:  speak  
Nucleus 24  processing  strategy:  ACE  
Deafness etiology
Meningitis  
Trauma
Otosclerosis 
Ototoxicity 
Chronic otitis  media
Unknown 
G−, cochlear implant users with poor hearing performance; G+, coc
minimum--maximum; ACE, advanced combination encoder. PRESS
Greters  ME  et  al.
sed  to  determine  differences  between  the:  (1)  individual
quilibrium  scores  across  the  six  sensory  conditions  (SOT1,
OT2,  SOT3,  SOT4,  SOT5,  SOT6);  (2)  the  CS;  and  (3)  the
oes  up  and  toes  down  sway  energy  scores,  between  the  FT
nd  RT  performances  measures.  The  Kruskal--Wallis  test  and
ukey’s  multiple  comparisons  were  used  to  verify  the  hier-
rchy  of  differences  between  groups.  A  signiﬁcance  level  of
5%  (p  <  0.05)  was  adopted,  according  to  the  standards  used
n  biological  studies.
esults
he  average  age  of  the  14  patients  was  50.43  ±  14.35
ears  and  of  the  seven  controls  47.57  ±  13.5  years.  Gender
istribution  was  similar  between  all  groups.  The  char-
cteristics  of  the  patients,  duration  and  etiology  of  the
eafness,  CI  device,  and  activation  time  are  described  in
able  1.
Comparing  hearing  performance  in  open-set  sentences
nd  monosyllabic  words  among  the  groups,  including  free
pen  set  and  monosyllables  discrimination,  G+  showed  sim-
lar  results  to  the  CG  (p  =  0.836  and  p  =  0.264,  respectively).
oth  outperformed  the  G−  group  (p  <  0.001  in  both  cases,
ruskal--Wallis  test  and  Tukey’s  multiple  comparisons).  The
esults  show  that  the  hearing  performance  and  word  discrim-
nation  of  G+  after  CI  surgery  were  similar  to  CG  subjects
Table  2).
In the  ﬁrst  CDP  test,  both  G+  and  G−  had  similar  perfor-
ance  in  all  six  sensorial  conditions,  but  underperformed
G,  whose  results  were  signiﬁcantly  better  in  SOT3,  SOT4,
OT5  and  SOT6  and  CS  (Table  3).  Comparing  the  dual  task
erformance  on  CDP  and  the  weighted  average  between
ll  tested  conditions,  the  G+  group  showed  a  signiﬁcantly
etter  performance  at  RT  in  SOT4,  SOT5,  SOT6,  and  CS,
hich  was  not  observed  for  G−  and  CG.  In  the  CDP  retest,
+  outperformed  G−  in  SOT5,  SOT6,  and  CS,  suggesting
ore  effective  learning  in  G+  as  compared  to  the  other  two
roups  (Table  4).
In the  ADT  dual  task  performance,  when  comparing  toes
p  and  toes  down  sway  energy  means  scores,  no  statistical
n  =  14).
G−  (n  =  5)  G+  (n  =  9)
2  (40%)  5  (56%)
57  (34--66)  38  (23--57)
18.8  (1--36)  12.8  (1--43)
20.33  (5--55)  25  (9--37)
3  2
2  7
5  0
0 1
0  2
0  1
0  1
0  4
hlear implant users with good hearing performance; min--max,
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Table  2  Speech  recognition  in  open-set  sentences  and  monosyllabic  vocal  discrimination  of  study  and  control  group  subjects.
Groups  G+  G−  CG  Kruskal--Wallis
test  (p)
Tukey’s  multiple
comparisons  (p)
Open-set  sentences  Median  (min--max)  100  (80--100)  0  (0--20)  100  (100--100)  0.004a G+  =  CG  >  G−  (<0.001)
Monosylabic  vocal
discrimination
Median  (min--max)  84  (58--100)  0  (0--88)  100  (96--100)  0.001a G+  =  CG  >  G−  (<0.001)
n 9  5  7
G+, cochlear implant users with good hearing performance; G−, cochlear implant users with poor hearing performance; CG, control
group; min--max, minimum--maximum.
a Statistical signiﬁcance level.
Table  3  FT  results  according  to  groups.
Groups  G+  G−  CG  Kruskal--Wallis
test  (p)
Tukey’s  multiple
comparisons  (p)
SOT1  FT  Median  (min--max)  94.3  (91.3--95.7)  93  (92--97.7)  96  (92.3--97)  0.172  G+  =  G−  =  CG
SOT2 FT  Median  (min--max)  92.7  (86.7--94.3)  90  (88--96)  94.7  (90--97.7)  0.088  G+  =  G−  =  CG
SOT3 FT  Median  (min--max)  91  (79.7--95.3)  90  (82.7--91.3)  94  (93.3--97)  0.018a G+  =  G−  <  CG  (0.036b)
SOT4 FT  Median  (min--max)  68.7  (55.3--83)  81.7  (29--85.7)  87.7  (83.7--93.3)  0.003a G+  =  G−  <  CG  (0.039b)
SOT5 FT  Median  (min--max)  47.7  (0--61.3)  0  (0--25.7)  68.7  (59.3--76)  0.001a G+  =  G−  <  CG  (<0.001b)
SOT6 FT  Median  (min--max)  4.3  (0--66.7)  0  (0--7.3)  66  (20--82.3)  0.003a G+  =  G−  <  CG  (0.001b)
CES FT  Median  (min--max)  58  (42--77)  51  (37--58)  81  (69--88)  0.002a G+  =  G−  <  CG  (0.001b)
n 9  5  7
G+, cochlear implant users with good hearing performance; G−, cochlear implant users with poor hearing performance; CG, control
group; min--max, minimum--maximum, CDP, computerized dynamic posturography; SOT, sensory organization test; CES, composite score;
FT, ﬁrst test.
a
 in S
D
T
m
a
t
eStatistical signiﬁcance level.
b CG showed signiﬁcant higher scores as compared to G+ and G−
difference  between  the  groups  could  be  found  (p  =  0.616
and  0.563,  at  both  tests  conditions,  Kruskal--Wallis  test  and
Tukey’s  multiple  comparisons).
In  the  P3  test,  this  study  observed  signiﬁcantly  longer
P3  latencies  among  G−  as  compared  to  G+  and  CG  for  the
2000/1000  and  1000/1500  Hz  test  conditions  (p  =  0.007  and
p  <  0.001  for  the  former;  p  =  0.001  and  p  <  0.001  for  the  latter
test),  but  no  difference  between  G+  and  CG  (p  =  0.177  and
p  =  0.601)  (Kruskal--Wallis  test  and  Tukey’s  multiple  compar-
isons),  as  shown  in  Table  5.
T
i
s
Table  4  RT  results  according  to  groups.
Groups  G+  G−  
SOT1  RT  Median  (min--max)  94  (90.3--95.3)  94.7  (90.7--95)  
SOT2 RT  Median  (min--max)  90.3  (85--94.3)  89.3  (83--92)  
SOT3 RT  Median  (min--max)  89.3  (76.3--95.7)  90  (80--95)  
SOT4 RT  Median  (min--max)  82  (64.3--88.3)  85.7  (40--90)  
SOT5 RT  Median  (min--max)  64.3  (0--78.3)  0  (0--29.3)  
SOT6 RT  Median  (min--max)  27.3  (0--70.7)  0  (0--0)  
CES RT  Median  (min--max)  66  (48--82)  52  (39--58)  
G+, cochlear implant users with good hearing performance; G−, coch
group; min--max, minimum--maximum; CDP, computerized dynamic pos
RT, re-test.
a Statistical signiﬁcance level.
b CG showed signiﬁcant higher scores than G− in SOT2 and SOT4. CG OT3, SOT4, SOT5, SOT6, and CES conditions.
iscussion
he  CDP  is  an  objective,  non-invasive  test.  Dual  task  perfor-
ance  was  chosen,  with  a  brief  interval  between  them  to
ssess  short-term  learning  and  memory  ability  as  part  of  pos-
ural  recovery  strategies.  The  choice  of  the  interval  between
ach  performance  allowed  a  rest  period  of  about  40--60  min.
hus,  the  patient  could  recover  from  muscular  effort  dur-
ng  FT  to  ensure  that  fatigue  would  not  interfere  during  RT,
o  the  RT  result  would  reﬂect  only  the  short-term  memory
CG  Kruskal--Wallis
test  (p)
Tukey’s  multiple
comparisons  (p)
95.7  (94.7--97.7)  0.005a G+  =  G−  <  CG  (0.012b)
94  (90.7--97.7)  0.012a G−  <  CG  (0.010b)
93.3  (92--97.7)  0.076  G+  =  G−  =  CG
88.3  (85.3--95.3)  0.023a G−  <  CG  (0.050b)
74.7  (59.3--80.3)  0.007a G−  <  G+  <  CG  (0.001b)
77.3  (38--81.7)  0.001a G−  <  G+  <  CG  (<0.001b)
83  (72--89)  0.001a G−  <  G+  <  CG  (<0.001b)
lear implant users with poor hearing performance; CG, control
turography; SOT, sensory organization test; CES, composite score;
outperformed G+ and G− in SOT5, SOT6, and CES (CG > G+ > G−).
ARTICLE IN PRESS+Model
6  Greters  ME  et  al.
Table  5  P3  latencies  in  the  2000/1000  Hz  and  1000/1500  Hz  test  conditions  according  the  study  group.
G+  (n  =  9)  G−  (n  =  5)  CG  (n  =  7)  Kruskal--Wallis
test  (p)
Tukey’s  multiple
comparisons  (p)
P3  latency
2000/1000  Hz
Median
(min--max)
351  (327--450)  423  (399--492)  342  (261--351)  0.006a G−  >  G+  =  CG  (<0.001a)
P3 latency
1000/1500  Hz
Median
(min--max)
345  (330--474)  457.5  (450--501)  351  (308--390)  0.023a G−  >  G+  =  CG  (<0.001a)
G+, cochlear implant users with good hearing performance; G−, cochlear implant users with poor hearing performance; CG, control
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cgroup; min--max, minimum--maximum.
a Statistical signiﬁcance level.
bility.10 The  CS  improvement  during  RT  is  expected  for
hose  subjects  who  have  normal  short-term  learning  ability
nd  proper  hippocampus  function.
The  small  sample  size  results  from  the  restrictive  selec-
ion  criteria:  only  patients  with  full  CI  electrode  insertion
ere  included,  in  order  to  eliminate  surgical  bias.  Age  and
I  activation  time  were  used  as  group  pairing  variables,
ecause  it  is  known  that  both  could  change  SOT  performance
nd  P3  latencies.11,12
The  better  RT  performance  of  G+  in  SOT4,  SOT5,  SOT6,
nd  CS  suggests  that  CI  subjects  are  able  to  ‘‘learn’’  the  pre-
ented  sensory  conditions  in  the  FT  and  use  this  learning  and
emory  ability  during  RT.  This  ability  comes  from  an  accu-
ate  CNS  sensory  input  integration,  responsible  for  motor
trategies  to  assure  body  balance  control.10 Thus,  these
ubjects  actually  have  an  accurate  short-term  memory  and
earning  ability.  The  difﬁculty  of  the  G−  patients  could  be
ttributed  to  functional  impairment  of  structures  involved
ith  speech  discrimination,  stimulus  recognition,  and  learn-
ng  skills,  abilities  required  to  generate  appropriate  motor
esponses  for  postural  correction  as  well  as  stabilization  and
alance  control.  Considering  that  CG  showed  a  greater  FT
esponse,  a  signiﬁcant  improvement  in  RT  was  not  expected,
hich  is  in  agreement  with  the  results  (Table  4).
Hearing  provides  acoustic  information  about  the  environ-
ent,  enabling  us  to  notice  and  avoid  environmental  hazards
hat  may  lead  to  a  fall.6 Studies  testing  the  associations
etween  hearing  acuity  and  postural  balance  are  scarce  and
how  conﬂicting  results.  Occupational  health  studies  have
hown  a  correlation  between  noise  exposure  and  impaired
ostural  balance.13,14 Studying  older  female  twins,  Viljanen
t  al.6 showed  that  poor  hearing  acuity  increased  the  risk
f  falls  when  compared  to  sisters  with  good  hearing  acuity,
hich  could  be  partially  explained  by  their  poorer  postural
ontrol.  The  present  study  observed  longer  P3  latencies
n  CI  users  with  poor  hearing  performance,  as  compared
o  CI  recipients  with  good  hearing  performance  and  con-
rols.  These  ﬁndings  indicate  that  hearing  impairment  may
irectly  or  indirectly  interfere  in  cognitive  tasks  evaluated
y  the  P3  test.  The  same  group  G−  showed  a  worse  CDP
erformance  compared  to  the  other  groups.  Postural  stabil-
ty  during  static  and  dynamic  tasks  could  be  described  as
he  ability  to  modulate  postural  response  magnitude,  thus
enerating  an  accurate  motor  response.  It  should  be  remem-
ered  that  postural  control  comes  from  and  relies  on  the
nteraction  between  somatosensory,  vestibular,  and  visual
ystems,  and  that  postural  imbalance  increases  with  increas-
ng  number  of  underlying  affected  systems.  Although  the
s
s
suditory  system  is  not  usually  cited  and  included  in  cen-
ral  processing  integration  of  peripheral  inputs  involved  in
ostural  control,  these  ﬁndings  suggest  a  direct  or  indirect
nﬂuence  of  hearing,  demonstrated  by  the  worse  SOT  results
f  G−  with  poor  auditory  performance.
Toes-up  or  toes-down  tilts  of  a  platform  on  which  a
ubject  stands  induce  early  responses  of  the  leg  muscles
tretched  and  late  responses  in  the  antagonist  muscles.  The
upport  surface  is  slowly  rotated  about  8  degrees  while  the
ody  is  stationary.  The  rotational  movement  of  the  platform
riggers  an  automatic  postural  response  as  defense  against
he  postural  disturbance.  According  to  Nardone  et  al.,15 the
rigin  of  the  late  responses  in  the  antagonist  muscle  comes
rom  the  overall  postural  imbalance  and  the  postural  set.
hus,  it  does  not  correlate  with  or  depend  on  cognition.
hen  analyzing  ADT  dual  task  performance  results,  it  was
ot  possible  to  ﬁnd  a  statistical  difference  comparing  FT  and
T  among  the  groups.  Since  ADT  is  used  to  investigate  the
utomatic  postural  control,  memory  and  cognition  are  not
equired  for  this  task.  Therefore,  diverging  results  between
roups  were  not  expected  as  were  during  SOT  conditions.15
Long-latency  components  of  event-related  potentials
like  the  P3)  correlate  with  the  ability  of  subjects  to  detect
nd  process  unexpected,  novel,  or  task-relevant  stimuli.
ask-relevant  late  positive  components  can  be  recorded  in
he  neocortex  and  hippocampus  while  performing  an  audi-
ory  discrimination  task.16 The  cortical  potential  elicited
n  the  context  of  auditory  target  detection  tasks  includes
he  N1,  P2,  and  P3  components.  The  concordance  between
agnetoencephalographic  (MEG)  and  brain  electric  source
nalysis  (BESA)  source  localization  supports  the  notion  of
enerators  in  temporal  lobes  for  the  N1/P2  complex  and
enerators  in  temporal  and  hippocampal  areas  for  the  P3
omponent.17 Thus,  as  literature  reports,  CNS  structures
unctionally  involved  with  explicit  memory  give  rise  to  audi-
ory,  visual,  and  somatosensory  central  integration,  and  can
e  localized  in  the  hippocampus  and  temporal  lobe.16,17 In
act,  Viljanen  et  al.6 have  already  reported  hearing  loss  as
 predictor  of  falls  and  poorer  postural  balance  control.  In
heir  study,6 pure  tone  thresholds  were  reported  without
peech  reception  thresholds.  Therefore  it  is  possible  that
he  higher  risk  of  falls  in  this  sample  may  not  be  related  to
earing  loss  itself,  but  rather  to  a  lack  of  sensory  input  or
ognitive  impairment.This  study  had  some  limitations.  First,  from  the  initial
ample  of  111  eligible  patients,  only  14  were  included  in  the
tudy  group.  As  mentioned,  this  is  the  result  of  the  rather
trict  selection  criteria  (n  =  60  were  under  age  18),  and  the
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fact  that  25  subjects  could  not  be  contacted  by  phone  and
that  some  lived  too  far  away  to  enter  the  study.  Only  ﬁve
patients  had  poor  hearing  performance,  reﬂecting  the  selec-
tion  criteria  for  CI  surgery  for  post-lingual  deaf  patients  at
this  center  and  indicating  that  almost  all  CI  surgeries  with
complete  electrode  insertion  were  successful  to  establish
useful  hearing  and  speech  discrimination.  Due  to  the  strict
inclusion  criteria  a  small  number  of  subjects  in  each  group
were  expected,  reducing  statistical  power,  so  more  stud-
ies  including  patients  from  multiple  CI  centers  should  be
conducted  to  overcome  this  limitation.
It  is  not  possible  to  afﬁrm  that  the  ﬁndings  are  exclusively
related  to  auditory  and/or  vestibular  neural  pathway  impair-
ment,  because  all  G−  patients  were  deaf  due  to  meningitis.
Besides  causing  deafness,  meningitis  can  also  affect  several
other  functional  and  anatomical  CNS  areas.2,18,19 As  the  goal
was  to  evaluate  postural  recovery  in  CI  users,  G+  and  G−
groups  had  to  show  distinct  auditory  performance,  so  etiol-
ogy  of  hearing  loss  was  not  equally  distributed  among  both
groups.  Neither  can  it  be  claimed  that  the  results  arise  from
learning  and  memory  network  involvement.  Thus,  further
studies  are  necessary  to  clarify  these  questions.
According  to  the  results,  postural  recovery  appears  to
be  related  to  learning  and  memory,  as  well  as  to  speech  and
auditory  performance.  It  is  also  possible  that  a  compromised
network  interferes  in  both  auditory  performance  and  learn-
ing  strategies  necessary  for  body  balance  control.  If  proven
to  be  effective,  the  relationship  between  auditory  and  vesti-
bular  pathways  opens  a  new  research  ﬁeld,  and  strengthens
the  role  of  cognitive  auditory  potentials  and  speech  dis-
crimination  tests  as  predictors  of  postural  performance  and
vestibular  rehabilitation.
Conclusions
Comparing  the  dual  task  performance  in  CDP  and  the
weighted  average  between  all  tested  conditions,  cochlear
implant  users  with  good  hearing  performance  showed  bet-
ter  re-test  results  in  SOT4,  SOT5,  SOT6,  and  CS,  and  also
had  a  higher  index  of  postural  recovery,  as  compared  to
CI  users  with  poor  hearing  performance.  Cochlear  implant
users  without  good  hearing  performance  had  signiﬁcantly
lower  levels  of  short-term  learning  ability  than  the  other
two  groups  in  SOT5,  SOT6,  and  CS.
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